Burkitt's lymphoma (BL) is the most common cancer among children in Papua New Guinea (PNG), accounting for up to 25% of all reported childhood malignancies (Campbell et al, 1974) . The purpose of this study was to investigate the occurrence of familial BL cases in PNG, as there had been no previous reports of familial BL from this country since the first published report of sibling cases of BL in Africa in 1964 (Dalldorf et al, 1964) ; several cases of familial BL have since been reported, all from Africa (Wright, 1967; Morrow et al, 1971; Williams et al, 1978; Brubaker et al, 1980) . Cases of BL have also been reported in families associated with other neoplasms, including nasopharyngeal carcinoma and chronic myeloid leukaemia (Brubaker et al, 1980) (Table 1) .
Insight into the aetiology of BL came from the striking geographical distribution of the tumour which corresponds to areas of high P. falciparum malaria prevalence (Dalldorf, 1964) . Time-space clustering has been observed for African BL (Morrow et al, 1971) ; this has been taken by some to suggest that an additional environmental risk may be operating which could partly explain the familial associations that have been observed. Alternatively, genetic predisposition to chromosomal aberrations has been proposed to underlie familial clustering of BL (Wurster-Hill et al, 1974; Cervanka et al, 1977; Brubaker et al, 1980) . The presence of a chromosome 8 to 14 translocation in BL tumour cells indicates a cytogenetic basis for cell transformation (Leder, 1976) . These findings and the early childhood infection with Epstein-Barr virus (EBV) (de-The, 1979) have been linked in a model which describes the evolution of BL cells (Lenoir et al, 1987; Klein, 1979) . No specific HLA associations have been identified with BL (Tiwari, 1985) , although a link has been reported between class I MHC antigens and nasopharyngeal carcinoma, the other EBV-associated tumour (Lu et al, 1990) .
In this report we describe the first evidence of familial BL outside Africa in Papua New Guinea.
METHODS
The cases in this study were (1980) . A chi-squared statistic for heterogeneity of the incidence between provinces and also between districts within a province was calculated. Seasonal analysis of monthly frequencies was calculated using Edward's harmonic analysis (Edwards, 1961 (Wright, 1967) . In this study, a clinically defined case, for which histological confirmation was not available, had to fulfil the following criteria: a rapidly growing facial and/or abdominal tumour, no response to antibiotics (including tuberculosis therapy) and rapid initial response to chemotherapy .
RESULTS
Among 174 cases of BL in West Sepik, East Sepik and Madang Provinces, three families were identified in which two or more cases of BL had occurred ( Figure 1 and Table 2 ). Two families were identified from medical records and one was identified at interview with BL families. In family 1, three cases of BL occurred between 1964 and 1965 in full siblings. This was the only family with children affected in their locality. In family 2, BL occurred 757 in siblings. In family 3, descended from one man and two wives, three cases of BL arose between 1980 and 1983. All family members lived within 2 km of each other and two of the cases in one family occurred within a period of 6 months.
Other deaths in this family were not attributable to BL. Histological confirmation of diagnosis was available for four of these cases; for five, clinical diagnoses had been made in provincial hospitals, and the remaining diagnoses were made retrospectively by one of the authors (AW), using the criteria described above . Seven of these children received no treatment and died within one year of presentation. Of the two cases treated with chemotherapy, one had survived at least 1 year.
There was significant variation in the annual average incidence of BL among the three provinces studied (P < 0.001, Table 3 ). The rates in the Lumi and Nuku census districts of West Sepik province were remarkably high (9.03 and 18.70 per 105) and far higher than those in the adjacent East Sepik Province. These differences remain when data from the Tumour Registry alone were used (Lumi 4.5 per 105, Nuku 8.5 per 105 and East Sepik 0.7 per 105). Table 4 gives the distribution of cases by month of onset. There was no evidence of a seasonal peak in frequency for the study population as a whole using Edward's harmonic analysis (P = 0.47). In addition, there was no significant monthly variation in BL in the Lumi and Nuku districts (census district 5 and 6, Table 3) aCases identified from the Tumour Registry. D, died; A, alive. Figure 2 shows the spatial distribution of cases from the three provinces. Many of the cases occurred below 300 m altitude. There was no significant variation in BL incidence by year of diagnosis.
However, there were several case pairs documented, some occurring in the same family (see above). The only two cases reported in the 29 years of the study period from the island of Bagbag (census district 13) occurred within months of each other and were nonrelated (Figure 2 ).
Other families were identified for whom personal follow-up was not possible. One, involving a pair of siblings, was from Morobe Province, which is outside the study area, and was identified from the Tumour Registry. This sibling pair occurred within a year of each other , but the pedigree of the family is unknown. One child was female (11 years) and one male (4 years). A further two families were found in which one sibling had developed BL while the other developed Hodgkin's disease; one of the sibling pairs was identified from the patients' medical records and the other from a note in the tumour registry.
DISCUSSION
Heterogeneity in family risk may be related to variation in genetic susceptibility, phenotypic risk factors and environmental exposures (Schwartz, 1991) . The present findings, in conjunction with earlier reports of familial BL in Africa, suggest that genetic factors play some role in the pathogenesis of this tumour. The relative infrequency of familial BL in PNG and Africa suggests that British Journal of Cancer (1997) 75(5) Table 3 . West Sepik -numbers 1 to 6; East Sepik numbers 7 to 10; Madang numbers 11 to 14. Areas marked in darker tone are more than 300 m above sea level genetic susceptibility would be strongly modulated by environmental factors. Because of the established relationship between BL and holoendemic P.falciparum malaria, the latter must play an important modulatory role. The clinical severity of malaria has also been linked to host HLA specificities (Watier, 1993) and the familial occurrence of BL may be governed by this relationship between the major histocompatibility complex and P. falciparum malaria.
Even if there is genetic susceptibility, why should the time of onset of these cases cluster in children of widely differing ages? Space-time clustering of BL cases has been described in Uganda (Morrow et al, 1971; Williams et al, 1978) . However, no evidence of clustering was found in another study in Uganda (Morrow et al, 1976) or in the north Mara District of Tanzania (Brubaker et al, 1973) . A fall in incidence over time may lead to a failure to detect such clustering. For example, the disappearance of clustering effects from some areas could be explained by postulating factors that 'moved out' temporarily, coinciding with each other at the time of the clustering leaving an 'immune' population behind. Information from cluster studies has been used to calculate a latent period between the occurrence of a precipitating factor and onset of disease (Day et al, 1985) . This latent period was found to be less than 1 year on average, and rarely to exceed 2 years.
In the present study, incident cases in families occurred within 1 year, which suggests an environmental factor affecting relatives at the same time. Spraying with DDT to reduce malaria transmission has been used in PNG since the late 1950s and reportedly had an effect on BL incidence (Peters and Standfast, 1960) . The Madang and West Sepik, areas of high BL incidence, are, however, two provinces which have never been sprayed against malaria (Henderson and Aiken, 1979) . As all children in these areas would have been repeatedly exposed to P. falciparum then perhaps another agent is involved, leading to EBV activation and the development of the tumour in a subgroup of children, and one which is acting at the micro level and is dependent on the exact locations at which the familial cases occurred. An association has been reported between the presence of certain plants possessing EBV-activators and the homes of BL patients suggesting that the former may influence incidence of BL at a micro level (Van den Bosch et al, 1993) . However, in the absence of more specific hypotheses it seems unlikely that space-time cluster analysis will be of value (Wartenburg, 1995) .
Thus, our data show that familial clustering of BL occurs in PNG as well as in Africa. These groupings were very close in time and space, as was the occurrence in one non-related pair. There was also spatial variation in incidence rates at provincial and district levels, but no large scale changes with time or season were identified.
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